INTRODUCTION
Infection with enterohaemorrhagic Escherichia coli (EHEC), such as the strain 0157, is definitively diagnosed by the isolation and identification of the organism from cultures of faeces. The identification by culture is precise but complicated, time-consuming and not always successful due to the action of antibiotics generally used after the onset of diarrhoea. 1 It is also known that the bacteria are no longer detectable in faeces of most patients later than the 7th to 12th day after the onset of diarrhoea. In order to meet the clinical demand for rapid diagnosis immunochemical methods have been developed and many kits made commercially available for direct detection of 0157 antigens and vero toxins.v? These rapid methods, however, are not specific nor sensitive enough for definitive diagnosis.f Another method, polymerase chain reaction (PCR), proved to be capable of identifying the vero toxin genes from a small population of E. coli 0157 in faeces.I" A disadvantage of this method is the requirement for prior extraction of nucleic acids; otherwise, the reaction is severely affected by inhibitory substances, including bilirubin and polysaccharides, present in the faeces. Since this interference resembles the inhibitory effect of haemoglobin and bile acids in blood, we examined the usefulness of a novel reagent cocktail, Ampdir-ect® A (Shimadzu Corp, Kyoto, Japan), known to suppress the blood inhibitors.l? for direct amplification of the vero toxin genes from faeces.
MATERIALS AND METHODS
Bacterial strain and faecal samples Escherichia coli 0157 was isolated from a patient's faeces in our hospital. The bacteria were grown on Tripticase'P Soy Broth medium agar plate (Becton-Dickinson, Franklin Lakes NJ, USA) at 37°C for 24h. A portion of one colony was suspended in I mL of 150mmol/L saline, and the number of colony-forming units (CFU) in the suspension was determined by culturing on a blood agar plate for 16h at 37°C. The suspension of E. coli 0157 used for 'spiking' (supplementation with pathogen) was heated at 100°C for 5 min and centrifuged at 9000 g. The supernatant was diluted with 150mmol/L saline.
Faecal samples positive for E. coli 0157 were collected from an infected patient in our hospital and stored at -80°C, or provided by the Department of Clinical Pathology, Tenri Hospital, Tenri, and stored at -30°C until use. Faeces negative for E. coli 0157 by culture but positive for vero toxins by enzyme-linked immunosorbent assay (ELISA) were obtained by screening inpatients and laboratory staff in this hospital using the vero toxin I and 2 (VTl/VT2) ELISA kit (see below). Normal specimens of faeces, used for the sensitivity assay of PCR amplification by spiking, were proved to be negative for E. coli 0157 by culture. Informed consent for the use of faeces in this study was obtained from all participants.
PCR samples
Faeces was suspended in 10 times volume (v/w) of 150mmol/L saline and crushed with a small disposable 'Labtubes Mixer' (Ieda Boueki Co, Tokyo, Japan). After heating at 100°C for 5 min, the suspension was centrifuged at 9000g for 5 min and the supernatant collected. The spiked samples were prepared by mixing equal volumes of the supernatant of normal faeces diluted serially 2 D-fold, i.e. diluted 2-, 4-, 8-fold etc, (or 5 D-fold, i.e. diluted 5-, 25, 125-fold, etc) and the suspension of E. coli 0157 diluted appropriately with 150mmol/L saline. PCR was performed in a thermal cycler, Gene Amp PCR System 9600 (Perkin Elmer Applied Biosystems, Foster City CA, USA); 4·5 min for the first denaturation at 94°C, followed by 40 cycles, each consisting of 30 s for denaturation at 94°C, 1min for annealing at 55°C, 1min for elongation at noc, and an additional 4·5 min for final elongation. After the reaction, the PCR mixture (lOJlL) was electrophoresed in 3% agarose gel. The amplified DNA was stained by ethidium bromide, and photographed under ultraviolet (UV) light.
DNA extraction DNA was extracted from faecal samples according to the protocol of the 'MagExtractor-Genome' kit manufactured by Toyobo Co, Osaka, Japan.
ELISA Enzyme-linked immunosorbent assay was performed according to the protocol of the 'EHEC' VTl/VT2 ELISA kit, manufactured by Meridian Diagnostics Inc, Cincinnati, Ohio, USA.
RESULTS

Efficiency of PCR with Ampdirect A
The efficiency ofPCR amplification ofvero toxin genes in the presence and absence of Ampdirect A was compared by using samples spiked by 3 x 10 3 or 3 x 10 4CFU/mL of E. coli 0157; the final content in the PCR mixture was 8 or 80 CFU. When the conventional butTer was used PCR failed to amplify the VTl fragment (349 bp) from 80 CFU unless the sample was diluted more than 250-fold ( Fig. ld) , and never from 8 CFU at any dilution of the sample (Fig. lc) , indicating the presence of inhibitory substances in the faeces. In contrast, when Ampdirect A was used, PCR amplified the 349-bp fragment from both 8 and 80 CFU at no dilution of the spiked faeces, that is, the maximum concentration of 0·5% ( Fig. la  and b ). In another sample spiked with 1·5 x 10 3 or 1·5 x 10 4 CFU/mL of E. coli 0157 (final content: 4 or 40 CFU), PCR using the conventional butTer did not give the amplified band at faecal concentrations down to 0·016% (2s-fold dilution) ( Fig. 2c and d) . In contrast, again, PeR using Ampdirect A amplified the band from 40 CFU at any dilution of the spiked sample (Fig. 2b) , and marginally from 4 CFU at no dilution (final 0,5%) ( Fig. 2a ). These results indicated that the faeces contained PeR inhibitory substances varying in quality and/or quantity between samples and that the detection limit by PeR with Ampdirect A was about 3 x IOCCFU/g faeces.
The VTI fragment (349 bp) amplified from heat-treated faeces in the presence of Ampdirect A was confirmed by direct sequencing (data not shown). the conventional buffer ('MagExt, Conv') ( Fig.  3 , lanes I to 3 versus 4 to 6), indicating that inhibitory substances were retained in the extracted DNA and their action was suppressed by Ampdirect A. The VT2 bands by MagExt ('MagExt, Amp') were thinner than those by heat treatment ('Heat, Amp') ( Fig. 3 , lanes I to 3 versus 7 to 9). Similar results were obtained using VTI and VT2. By referring to the information from the manufacturer (Toyobo Co) that the efficiency of DNA extraction from I to 2 Jig of purified DNA dissolved in distiIled water is 40-50% with MagExtractor-Genome, these results indicated that the difference of density of bands was due to the difference of efficiency of DNA extraction. Further detail remains to be investigated. Among the four protocols, PCR using Ampdirect A in combination with heat treatment ('Heat, Amp') gave the densest band of VT2 fragment (Fig. 3, lanes 7 to 9) .
Comparison of vero toxin gene detecdon by different protocols of PeR
To confirm the presence of toxin genes in the patients' samples provided by another hospital, DNA was MagExtracted and subjected to PCR with Ampdirect A ('MagExt, Amp') or conventional buffer ('MagExt, Conv'), The results of the 'MagExt, Amp' protocol agreed generaIly weIl with those of TC-PCR (PCR in PE Thermal Cycler 9600, using pre-extracted DNA) (see Table Ib ); only T144 processed by the 'MagExt, Conv' protocol gave a very faint band, indicating again the retention of inhibitory substances in the MagExtracted DNA. These data suggested that the detection limit by the 'MagExt, Okamolo et al. Con v' protocol would be close to the 10 3CFU/g faeces value, as reported by Komatsu et 0/. 11 When the 'Heat, Conv' protocol was used (see Table la ) PeR failed to amplify the genes at any dilution of T135, T159 and TI, while PeR worked at varying dilutions of T124, T144, TI50, T211 and T242. In the latter group of samples the amplification by PeR apparently depended on the balance between the number of target bacteria and the concentration of inhibitory substances contained in the faeces. In contrast, the 'Heat, Amp' protocol constantly gave amplified bands from all positive faeces (see Table la ). The results of the 'Heat, Amp' protocol agreed well with those ofTC-PeR (detection limit, UP CFU/g faeces), II rather than RC-PeR (PeR in a Rapid-Cycler using pre-extracted DNA), with a reported detection limit of Icr CFU/g faeces. II Sample C, which was obtained from a carrier of E. coli 0157, exhibited the band in most but not all cases, using the 'Heat, Amp' protocol ( Fig. 4) . In contrast, sample C always exhibited the band by the 'Magfxt, Amp' protocol. These results, as referred to spiked samples ( Fig. 2a analysed by using the 'Heat, Amp' and 'MagExt, Amp' protocols. Either protocol did not give the VTI and VT2 bands from any of these falsepositive faeces (data not shown).
DISCUSSION
It is widely recognized that the template nucleic acids used for PCR should be as pure as possible. A popular method of nucleic acid isolation is treatment of cell extracts or other biological materials with proteinase K followed by extraction with phenol/chloroform. Heat-treatment of faeces is a very simple way to inactivate nucleolytic enzymes, but is not useful for PCR unless combined with some means of DNA extraction. Ramotar et 0/. 9 combined heat-treatment of spin-washed faeces with DNA extraction using phenol/chloroform. Brian et 0/. 8 purified DNA with silica gel after the above procedure. In our 'Heat, Amp' protocol, the DNA extraction/purification procedure was simply replaced by inclusion of Ampdirect A in PeR; this cocktail effectively suppressed the residual inhibitors in heated faeces and enabled direct detection of the VT genes.
Ramotar et 0/. 9 reported the detection limit of E. coli 0157 VTI gene from heated and phenol/ chloroform-extracted faeces to be I()2 CFU/0'1 g or IcY CFU/g faeces. Komatsu et 0/. 11 reported the same detection limit for VTI and VT2 genes using TC-PeR of DNA extracted by the GuSCN method. IS The detection limit of our 'Heat, Amp' protocol was estimated to be about 3 x IcrCFU/g faeces. Although this detection limit is one order higher than those of Ramotar et al. or Komatsu et aI., our method could be clinically useful because E. coli 0157 exists at a level of > 10 5 CFU/g faeces as long as the sample is obtained within I week after the onset of infection." Furthermore, patients' faeces are often loose or watery and the inhibitor level in such faeces is lower than in the solid faeces used for spiked samples. In fact, for all patients' samples provided by Tenri Hospital, our data obtained by the 'Heat, Amp' protocol correlated well with those of the TC-PCR method (detection limit, 10 3 CFU/g faeces) rather than the RC-PCR method (detection limit, IO"CFU/g faeces)'! (Table la and b). Thus, our 'Heat, Amp' method might be sensitive enough to detect the toxin genes from faeces during the first week of infection. The 'Heat, Amp' method, however, is not sensitive enough for the faeces of a carrier containing a smaller number of E. coli 0157 (see Table I ). The toxin genes were more reliably detected from the faeces of the carrier by the 'MagExt, Amp' method.
Our 'Heat, Amp' method is apparently the most rapid and easiest of the known methods, requiring no specific reagent other than Ampdirect A, nor equipment for nucleic acid extraction and purification. Whether this method is applicable to detection of other genes in faecal samples or other biological material is under investigation.
